EXHIBIT A 



VOLUME 23 • NUMBER 11 • APRIL 10 2005 



Journal of Clinical Oncology 




F roni the Cedars-Sinai Prostate Cancer 
Center and Medical Center; University 
of Southern Catitornia, Los Angeles; 
Genentech Inc, Soutti San Francisco, 
CA; and Arizona Cancer Center, 
Scottsdale and Tucson, A2. 

Subnnitted March 27. 2004; accepted 

Decennber 2, 2004. 

Supported by Genentech Inc, South 
San Francisco, CA. 

Previously presented in abstract form 
at the 39th Annual Meeting of the 
Annerican Society of Clinical Oncology. 

Chicago, fL, May 31 -June 3, 2003. 

M F P was supported by a grant 
ftoni the National Cancer Institute 

{R01-CA48780), 

Terms in are defined in the glossary, 
found at the end of this issue and online 
at wwv^/.jco.org. 

Authors' disclosures of potential 
conflicts of interest are found at the end 

of this artfcle. 

Address reprint requests to David B. 
Agus, MD, Cedars-Sinai Prostate Cancer 
Center and Medical Center, Los Angeles, 
CA 90048; e-mail: david.agus@cshs org. 

if,' 2005 by American Society of Clinical 
Oncology 

0732-1 83X/05/231 1-2534/520.00 
DOI: 10.1200/JCO.2005.03.184 



Phase I Clinical Study of Pertuzumab> a Novel 
HER Dimerization Inhibitor, in Patients With 
Advanced Cancer 

David B. AguSy Michael S. Gordon, Charles Taylor, Ronald B, Natale, Beth Karlan, 
David 5. Mendelson, Michael F, Press, David E, Allison, Mark X, Sliwkowski, 
Grade Lieberman, Stephen M. Kelsey, and Gwen Fyfe 

A B S T R A C T 

Purpose 

Pertuzumab, a recombinant humanized monoclonal antibody (2C4), binds to extracellular do- 
main II of the HER-2 receptor and blocks its ability to dimerize with other HER receptors. Pertu- 
zumab represents a new class of targeted therapeutics known as HER dimerization inhibitors. A 
clinical study was conducted to investigate safety and pharmacokinetics of pertuzumab and to 
perform a preliminary assessment of HER dimerization inhibition as a treatment strategy. 

Patients and Methods 

Patients with incurable, locally advanced, recurrent or metastatic solid tumors that had pro- 
gressed during or after standard therapy were recruited to a dose-escalation study of pertu- 
zumab (0.5 to 15 mg/kg) given intravenously every 3 weeks. 

Results 

Twenty-one patients received pertuzumab and 1 9 completed at least two cycles. Pertuzumab 
was well tolerated. Overall 365 adverse events were reported and 1 22 considered to be pos- 
sibly drug related. Of these, 1 1 6 were of grade 1 to 2 intensity. The pharmacokinetics of pertu- 
zumab were similar to other humanized immunoglobulin G antibodies, supporting a 3-week 
dosing regimen. Trough plasma concentrations were in excess of target concentrations at 
doses greater than 5 mg/kg. Two patients, one with ovarian cancer (5.0 mg/kg) and one 
with pancreatic islet cell carcinoma (15.0 mg/kg), achieved a partial response. Responses 
were documented by Response Evaluation Criteria in Solid Tumors after 1.5 and 6 months 
of pertuzumab therapy, and lasted for 11 and 10 months, respectively. Stable disease lasting 
for more than 2.5 months {range, 2.6 to 5.5 months) was observed in six patients. 

Conclusion 

These results demonstrate that pertuzumab is well tolerated, has a pharmacokinetic profile 
which supports 3-week dosing, and is clinically active, suggesting that inhibition of dimeriza- 
tion may be an effective anticancer strategy. 

J Clin Oncol 23:2534-2543. © 2005 by American Society of Clinical Oncology 



The role of HER- 1 (epidcrnial growth factor 
receptor [EGFR]), HER-2, and HER-3 in 
many epithelial tumor types is well docu- 
mented in breast cancer J lung cancer,^ 
prostate cancer,^'^ colorectal cancer,^ and 
ovarian cancer.'^ There is a strong associa- 
tion between the huiiuiji epicicnnal gr(.)wth 
hKior recoptv>r (H£R/ErbBj, tyrosine kinases 



(H ER-- 1./BGFR, HER-2/ErbB2, HER-3/ 
ErbB3, and HER-4/ErbB4), and the aggres- 
siveness and prognosis of several types of 
solid tumors,^'^^ 

Dimerization, or pairing with other re- 
ceptor proteins, is essential for HER recep- 
tor activity and may have a major role in 
driving growth and survival in many tumor 
types.^*~^^ Following binding of a specific 
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ligand, HER receptors may form homodimers (eg, HER-1- 
HER-1) or heterodimers (eg, HER-l-HER-2 or HER-2- 
HER-3 ). Ligand-activated HER dimers then initiate a series 
of intracellular signaling events that ultimately mediate cell 
growth, proliferation, and survival.''*'*"'^ Characterization 
of the crystal structure of the extracellular domain of 
HER-2 demonstrated that the protein adopts a constitu- 
tively open conformation similar to that of ligand-bound 
EGFR (HER-I)/^'^^ This conformation means that 
HER-2 is always activated and ready to interact with 
other ligand-bound HER receptors, which may explain 
why it is the preferred binding partner for the other three 
family members. '^''^ 

In vitro and in vivo experiments have demonstrated 
that HER-2-containing heterodimers elicit greater mito- 
genic responses than HER homodimers. Thus, ligand- 
induced activation of either EGFR (HER--1) or HER-3, 
with subsequent formation of heterodimers with HER-2, 
may play an important role in tumor growth^'"^'"^"^ and 
resistance to therapy.^^ 

Pertu/uinab (recombinant humanized monoclonal 
antibody 2C4; Omnitarg; Genentech Inc, South San Fran- 
cisco, CA) represents the first in a new class of agents 
known as HER dinieri/.atiiHi inhibiiois. Pertuzumab is 
based on the human immunoglobulin (Ig) Gl {k) frame- 
work sequences, consisting of two heavy chains (449 res- 
idues) and two light chains (214 residues), and is produced 
in Chinese hamster ovary cells. Pertuzumab binds to HER- 
2, the most common HER pairing partner, at the dimer- 
ization domain,^^ sterically inhibiting its ability to form 
dimers with other HER receptors.^^'^^*^*^ The pertuzumab 
binding site within domain II does not overlap with the 
epitope on HER-2 that is recognized by trastuzumab (Her- 
ceptin; Genentech Inc, South San Francisco, CA)/^'^^ The 
mechanism of action of pertuzumab is also distinct from 
tyrosine kinase inhibitors such as gent in ib or erlotiiiib, 
which bind competitively to the intracellular adenosine 
triphosphate binding site of HER receptors.^ 

In vitro studies with tumor cell lines have shown that 
pertuzumab inhibits ligand-activated HER dimeriza- 
tion.""^'"'' Pertuzumab was more effective than trastuzu- 
mab in disrupting the formation of HER- 1 -HER-2 and 
HER-3-HER-2 complexes in breast and prostate cancer 
cell lines. "^"^ Blocking the formation of HER-2-containing 
dimers in a number of different tumor types diminished 
ligand-activated HER signaling, including HER-2 phos- 
phorylation and activation of downstream targets such 
as niiLogc-n-aclivated protein kinase and Aki.^"^'^^^ Both 
intact pertuzumab and the Fab fragment blocked 
heregulin-stimulated phosphorylation of the HER-2- 
HER-3 complex, indicating that bi valency is not an 
absolute requirement for activity of the antibody.^"^ 

The biologic activity of pertuzumab has been shown 
in preclinical models involving a number of tumor cell 
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types, including breast, prostate, lung, ovarian, and colon 
cancers.^^'^^'^*^'^^"^^ In dose-response studies, dosing of 
pertuzumab at doses of 6, 20, and 60 mg/kg weekly was 
associated with significant and dose-dependent inhibition 
of tumor growth.^^ Steady-state trough concentrations of 
pertuzumab at these dose levels were 5 to 25 jiig/mL.^^'^^ 
Inhibition of growth was independent of HER-2 expres- 
sion levels, which means that pertuzumab had activity 
in cancer cells with either low/normal levels of HER-2 ex- 
pression and cells overexpressing HER-2. In contrast, ar- 
tificially engineered cells that completely lack the HER-2 
gene (ie, HER-2-null cells) do not respond to pertuzu- 
mab^^; of note, most human epithelial cells, including 
malignant cells, do express HER-2.^ 

Pharmacokinetic studies of pertuzumab evaluated 
doses of 3 to 90 mg/kg in mice and rats, and 15 to 150 
mg/kg in cynomolgus monkeys. Concentration-time 
data exhibited biphasic disposition and were fit to a 
two-compartmental pharmacokinetic model. At these 
doses, dose linearity was observed and pertuzumab phar- 
macokinetics were characterized by a distribution phase of 
< 1 day, a terminal elimination half-life of approximately 
10 days, and a volume of distribution of 30 to 50 mL/kg, 
which approximates to the serum volume. Pertuzumab 
disposition in mice and cynomolgus monkeys was similar 
to that observed with other humanized monoclonal anti- 
bodies (eg, trastuzumab, bevacizumab, and omalizumab) 
that share the same IgGl framework. 

Diarrhea was the only significant finding in standard 
toxicology studies conducted in rodent and primate mod- 
els. No cardiotoxicity was observed in primate modeis.^'^ 

In light of these promising nonclinical findings, it is 
postulated that inhibition of HER-2-mediated dimeriza- 
tion may be an effective anticancer therapy. This study 
is the first report of administration of pertuzumab to can- 
cer patients in a phase I clinical trial, including patients 
with tumors that did not show amplification of HER-2. 

The specific objectives of the study were to determine 
the safety and tolerability of escalating doses of pertuzu- 
mab administered by intravenous infusion every 3 weeks 
in subjects with incurable, locally advanced, recurrent or 
metastatic solid malignancies; to characterize the pharma- 
cokinetics of pertuzumab; and to define an optimal dose 
and schedule for phase II testing. In addition, a preliminary 
assessment of clinical response to pertuzumab was made. 



Patient Population 

The study population consisted of patients with incurable, 
locally advanced, recurrent or metastatic solid tumors that had 
progressed during or after standard therapy All patients gave 
written informed consent and the protocol was reviewed and ap- 
proved by institutional review boards at participating institu- 
tions. Patients enrolled onto the study were at least 18 years 
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old, with an Eastern Cooperative Group performance status of 
0 or I, and a life expectancy of at least 12 weeks. Other inclusion 
criteria were: histologic documentation of malignancy; at least 
one bidimensionally measurable lesion (except for patients 
with prostate cancer and ovarian cancer in whom rises in pros- 
tate-specific antigen [PSA] and CA'l25, respectively, were al- 
lowed); HER- 2 -negative status in patients with breast cancer; 
and adequate hematology, liver function, and biochemistry tests 
(neutrophils > 1.5 X platelets > 100 X 10''/L, hemoglobin 

S= 9 g/dL; serum bilirubin < upper limit of normal (ULN) and 
alkaline phosphatase, AST and ALT < 2.5 X ULN, except in pa- 
tients with liver or bone metastases [ALT, AST, and alkaline 
phosphatase < 5 X ULN]; serum creatinine < ULN, or creati- 
nine clearance > 60 mL/min; international normalized ratio 
<1.3 and activated partial thromboplastin time < L5 X 
ULN). Women of childbearing age had to use an effective means 
of contraception. Patients with pleural effusions, ascites, or bone 
lesions as the only sign of malignancy, and those with symptom- 
atic or untreated brain metastases, were excluded. Patients who 
had received any of the following prior treatments within 4 weeks 
of the study were excluded: chemotherapy (within 6 weeks for 
nitrosoureas or mitomycin C), hormone therapy (except for an- 
drogen-deprivation therapy in patients with prostate cancer), ra- 
diotherapy, and immunotherapy. Patients who had previously 
received trastuzumab or a cumulative doxorubicin dose > 360 
mg/m^ were also excluded. Patients were also excluded if they 
had a history of other malignancies within 5 years, history of sig- 
nificant cardiac disease, left ventricular ejection fraction (LVEF) 
< 50% (or below the lower limit of normal determined by echo- 
cardiography), active infection requiring intravenous antibiotics, 
known HIV infection, uncontrolled hypercalcemia, pregnancy, 
and liver disease, or any other condition likely to increase the 
risk of treatment complications. 

Treatment and Dose Escalation Schedule 

Pertuzumab was provided by Genentech Inc. Each 10 cc 
single- use vial contained approximately 175 mg pertuzumab for- 
mulated in 10 mmol/L L-histidine (pH6.0), 240 mmol/L sucrose, 
and 0,02% polysorbate 20. Patients were assigned to receive per- 
tuzumab at one of five sequentially increasing dose levels based 
on a modified Fibonacci design: 0.5, 2,0, 5.0, 10.0, and 15.0 mg/ 
kg, given every 3 weeks. As pertuzumab caused minimal toxicity 
in preclinical experiments, the starting dose of 0.5 mg/kg was 
based on an estimate of the dose required to achieve a plasma 
concentration of pertuzumab that would fall below that required 
for saturation of clearance. The upper dose of 15.0 mg/kg was 
based on an estimate of the dose required to exceed serum trough 
concentrations of pertuzumab that were associated with efficacy 
in preclinical models (25 Mg/mL). Based on pharmacokinetic 
simulations, doses from 5.0 to 15.0 mg/kg administered every 3 
weeks were expected to achieve these targeted serum trough con- 
centrations in most subjects. The initial dose of 0.5 mg/kg rep- 
resented a safety factor (on a mg/kg basis) of 300-fold less 
than the highest dose (150 mg/kg) used in the multidose toxicol- 
ogy studies in cynomolgus monkeys. Doses were escalated to 15.0 
n-»g/kg, representing a safety-factor of 10-fold. The first dose of 
pertuzumab was given by intravenous infusion over 90 minutes, 
if the initial infusion was well tolerated, the infusion time was 
reduced to 30 minutes for subsequent infusions. At least three 
patients were treated at each dose level and monitored for at least 
3 weeks plus 24 hours after their second cycle before additional 
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patients could be started at the next dose level. If patients with- 
drew for reasons other tlian toxicity after completing only one 
cycle, they were to be replaced at the same dose level. If any 
patient experienced dose-limiting toxicity (DLT), three more 
patients were to be added at the same dose level. In this 
situation, dose escalation would continue only if no more than 
one in sbc patients experienced DLTs in cycle one. Intolerable 
dosage was defined as two or more patients experiencing DLT 
(any grade 3 or 4 major organ toxicity according to the National 
Cancer Institute Common Toxicity Criteria [NCI-CTC] Version 
2.0, or any subjectively intolerable toxicity felt by the investigator 
to be related to study drug). 

Tumor Assessments 

The response evaluation criteria in solid tumors (RECIST) 
were used to assess objective response, time to disease progres- 
sion, and duration of response.^^ Tumor burden was evaluated 
at baseline by physical examination and imaging, including com- 
puted tomography of chest, abdomen, and pelvis, and bone scans 
when clinically indicated. Responses were assessed by identical 
techniques at the end (week 3) of cycles 2 and 4, and every 
two cycles subsequently. Objective responses were confirmed 
by repeat assessments after ^ 4 weeks. 

Tolerability and Safety 

The incidence and severity of all adverse events, changes in 
vital signs, laboratory assessments, physical examination find- 
ings, and medical conditions during and after treatment with 
pertuzumab were assessed at least weekly during the first two 

c)xles, and at least 3 -weekly thereafter, and graded according 
to NCI-CTC Version 2. Laboratory evaluations included full 
blood count with differential, electrolytes, liver and renal func- 
tion, international normalized ratio and partial thromboplastin 
time, urinalysis, and troponin T. Special attention was paid to 
the possibility of infusion-associated symptoms and allergic reac- 
tions, cardiotoxicity, as reported with trastuzumab and anthracy- 
ciines, and toxicities, such as diarrhea and rash, previously 
observed in association with administration of EGFR tyrosine 
kinase inhibitors. 

Cardiac function (reported as LVEF) was monitored at 
baseline and every 6 weeks using noninvasive cardiac monitoring 
(two-dimensional echocardiography and Doppler). In addition, 
electrocardiographs were obtained at screening and follow-up, 
and serum markers of cardiac damage (troponin T) were col- 
lected periodically for exploratory analyses. 

Analysis of Ptiarmacokinetics 

Pharmacokinetic parameters were estimated from pertuzu- 
mab concentrations measured by a central laboratory using serum 
samples taken at specified time points postdosing. In treatment 
cycle 1, samples were taken predose, immediately before comple- 
tion of the first 90-minute infusion, at 1.5, 4, and 8 hours after the 
completion of the first infusion (day 1 ), and on days 2, 5, 8, and 
15. For treatment cycle 2 and beyond, samples were taken predose, 
immediately before the completion of the 30-minute infusion, 
and on day 8. Concentrations of pertuzumab were determined 
by a receptor-binding, enzyme-linked, immunosorbent assay 
(ELISA). The assay used pl85^''^^^'^ extracellular domain to cap- 
ture pertuzumab from serum samples. Bound pertuzumab was 
detected with mouse antihuman Fc-horseradish peroxidase (Jack- 
son ImmunoResearch Laboratories Inc, V^est Grove, PA), and tet- 
ramethyl benzidine (KPL Inc, Gaithersburg, MD) was used as the 
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Table 1. Patient Characteristics 

Total (N = 21) 
No. of Patients % 



MytJ, ycdfb 






iVlcUiai I 


61 




RanQe 


32-77 




Sex 






Male 


12 




Female 


9 




FPDfn nprformanrp status 






0 
1 


6 
15 




Locstion of primary tumor 








3 






2 




Lung 


4 




wvcji la 1 1 


3 




r a 1 1 f c?ao 


2 




Prostate 


5 




Sarcoma 


1 




Adenocarcinoma of unknown origin 


1 




Priman/ diagnosis 






< 1 year 


5 




< 2 years 


6 




5i 3 years 


9 




Metastatic diagnosis 






s 1 year 


5 




< 2 years 


8 




^ 3 years 


8 




Prior chemotherapy 


19* 


90 


Prior radiotherapy 


10 


48 


Surgery 


14 


67 


Hormonal therapy 


5 


24 


Other prior therapy 


6 


29 



Abbreviations; ECOG, Eastern Cooperative Oncology Group. 
*Two patients with prostate cancer had received no prior chemother- 
apy. 



substrate for color development to quantify serum pertuzumab 
against a known standard curve. The assay can detect a minimum 
quantifiable concentration of 0.25 fxg/mL for pertuzumab in 
human serum, Tlie assay has < 20% coefficient of variation for in- 
terassay and intra-assay variabiUt)s and serum spike recoveries of 
pertuzumab between 80% and 120%. 

Antibody Response 

Serum samples, taken at predose and at the last study visit, 
were tested for antipertuzumab antibody titers using a bridging 
ELISA. The assay used pertuzumab to capture antipertuzumab 
antibodies, and then the presence of bound antipertuzumab anti- 
bodies were detected with biotinylated pertuzumab and strepta- 
vidin horseradish peroxidase, using tetramethyl benzidine as 
a substrate for color development. An antibody titer of > 2.0 
was considered positive. 

Data Analysis 

Demographic and baseline characteristics were recorded as 
means ( ± standard deviation) or medians (with ranges) for con- 
tinuous variables and proportions for categoric variables. Means 
{± standard deviation) were used to summarize average dose of 
pertuzumab received. All adverse events occurring on or after day 
1 were recorded and analyzed by dose group, study site, subject 
number, and treatment cycle. Serious adverse events and DLTs 
experienced in the first two cycles and overall were listed sepa- 
rately. Mean serum pertuzumab concentrations versus nominal 
sampling times were plotted by dose group for the first two treat- 
ment cycles. Serum pharmacokinetic parameters were estimated 
for individual subjects using compartmental methods (WinNon- 
lin; Pharsight Corp, Mountain View, CA) and summarized by 
dose group (mean, standard deviation) for systemic clearance, 
volume of distribution of the central compartment, volume of 
distribution at steady-state, and elimination half-life, A one- 
compartment model was used to fit the pharmacokinetic data 
from the 0.5 mg/kg dose group and a two-compartment model 
was used to fit the pharmacokinetic data from the 2.0 to 15.0 mg/ 
kg dose groups. The algorithm and weighting scheme used in the 
WinNonlin models were a Gauss-Newton algorithm and a reiter- 
ative weighting scheme (1/Y). 




Patients 

A total of 21 patients (12 female, nine male), with 
a median age of 61 years (range, 32 to 77 years), were en- 
rolled between November 2001 and June 2003. There were 
three patients with breast cancer, five with prostate cancer, 
four with non-small-cell lung cancer, three with ovarian 
cancer, two with colorectal cancer, two with pancreatic 
cancer (one adenocarcinoma and one islet ceil carcinoma), 
one with liposarcoma, and one with adenocarcinoma of 
unknown primary. Patient demographics, baseline charac- 
teristics, and prior treatments are listed in Table L All pa- 
tients were heavily pretreated: 90% had received prior 
chemotherapy (median of two regimens; range, 0 to 5), 
48% prior radiotherapy, 67% prior surgery, and 24% prior 
hormone therapy. 

www.jcoMrg 



Pertuzumab was given to at least three patients at all 
the planned dose levels: three patients received 0.5 mg/kg, 
three received 2.0 mg/kg, four received 5.0 mg/kg, three 
received 10.0 mg/kg, and eight received 15.0 mg/kg. All pa- 
tients, except one in the 5.0 mg/kg dose group and one in 
the 15.0 mg/kg group, were assessable for DLTs. Nineteen 
patients completed a minimum of two cycles of pertuzu- 
mab and 10 of these patients were treated beyond cycle 2. 

Safety and Toierability 

Pertuzumab was generally well tolerated at aU dose lev- 
els and a maximum tolerated dose was not reached with this 
dose escalation scheme. There were 365 adverse events re- 
ported, irrespective of relationship to study drug, and those 
occurring in > 20% of patients are shown in Table 2. The 
most common adverse events were asthenia (62%), vomit- 
ing (52%), nausea (48%), abdominal pain (48%), rash 
(43%), diarrhea (43%), pain (43%), and anemia (33%), 
most of which were either grade 1 or grade 2 in severity. 
Twelve of 21 subjects experienced at least one grade 3 or 4 
adverse event, although only six events were thought to 
be related to study medication. Four of these events oc- 
curred in one subject and were associated with a myocardial 
infarction (see description in next paragraph). There was no 
clear pattern of temporal relationship between onset of 

2537 



Downloaded from jco.ascopubs.org on September 17, 2008 . For personal use only. No other uses without permission. 
Copyright © 2005 by the American Society of Clinical Oncology. All rights reserved. 



Agus et al 



Table 2. Adverse Events Irrespective of Relationship to Study Drug Occurring in > 20% of Patients 



Cycle Event First Observed 





1 otai (N = 


O 1 \ 




Pertuzunnab Dose Group (mg/kg) 






= 21) 


>■ Cvrip 1 (n 


= 19) 


Grade 3 or 4 (n 


= 21) 




No, of 




0.5 


2,0 


5.0 


10,0 


15,0 


No, of 




No. of 




No. of 




Adverse Event 


Patients 


% 


(n = 


3) {n 3) 


{n - 4) 


(n = 3) (n 


= 8) 


Patients 


% 


Patients 


% 


Patients 


% 


Asthenia 


13 


62 


3 


1 


3 


1 


5 


5 


24 


9 


47 


0 


0 


Vomiting 


11 


52 


3 


1 


4 


0 


3 


5 


24 


6 


32 


1 


5 


Nausea 


10 


48 


3 


1 


2 


2 


2 


7 


33 


3 


16 


1 


5 


Abdonninal pain 


10 


48 


2 


1 


2 


1 


4 


3 


14 


7 


37 


3 


14 


Rash 


9 


43 


0 


2 


2 


2 




c 
D 






91 


0 


0 


Diarrhea 


9 


43 


0 


2 


2 


1 


4 


5 


24 


6 


32 


1 


5 


Pain 


9 


43 


0 


1 


2 


1 


5 


6 


29 


3 


16 


0 


0 


Anennta 


7 


33 


2 


0 


0 


2 


3 


3 


14 


4 


21 


0 


0 


Dyspepsia 


6 


29 


1 


0 


1 


1 


3 


1 


5 


5 


26 


0 


0 


Fever 


6 


29 


2 


1 


1 


0 


2 


1 


5 


5 


26 


0 


0 


Anorexia 


6 


29 


1 


0 


3 


0 


2 


2 


10 


4 


21 


0 


0 


Infection 


5 


24 


1 


1 


1 


1 


1 


1 


5 


4 


21 


0 


0 


Constipation 


5 


24 


2 


0 


1 


0 


2 


2 


10 


3 


16 


0 


0 


AP increase 


5 


24 


1 


1 


0 


1 


2 


1 


5 


4 


21 


1 


5 


Dyspnea 


5 


24 


2 


0 


0 


1 


2 


3 


14 


2 


10 


2 


10 


Any event 


21 




3 


3 


4 


3 


8 


19 


90 


18 


95 


12 


57 


Abbreviation: AP, alkaline phosphatase. 



events and administration of study medication, and no 
evidence of cumulative toxicity in those few patients who 

remained on therapy beyond cycle 2. 

Specifically, rash and diarrhea were observed, but 
were mainly grade 1 and occasionally grade 2. Again, no 
obvious temporal relationship to infusion of study drug 
was observed, nor could a relationship between incidence 
and/or severity and dose be found. Rash was not acneform 
and did not resemble the rash typical of EGFR kinase in- 
hibitor therapy. None of the patients experienced a decline 
in LVEF below 50% in first two cycles. Three patients had 
an asymptomatic fall in LVEF of 5 percentage points or 
more at any time during the study: one patient had 
a fall in LVEF from 65% to 60%, one from 60% to 
50%, and one from 64% to 50%. After cycle 2, one patient 
suffered a myocardial infarction resulting in left ventricu- 
lar failure (grade 4). This event was considered possibly 
related to treatment. The patient had a previous history 
of cerebrovascular disease, hypertension, type 2 diabetes, 
mitral tricuspid and aortic regurgitation, and h)^erglyce- 
mia, and was taking atenolol, clopidogrel, and enalapril at 
study entry. Baseline LVEF was 62% and echocardiogram 
revealed mild left atrial enlargement and a borderline con- 
centric left ventricular hypertrophy. Multiple echoes in the 
aortic root were suggestive of calcification. No other evi- 
dence of cardiac dysfunction, including rise in troponin T, 
was observed in any other patient. 

One patient experienced a grade 3 gastrointestinal 
hemorrhage that was considered possibly related to treat- 
ment. The patient had pre-existing esophageal varices that 
may have contributed to the adverse event. The event was 
recorded as a DLT. 

One patient developed an infusion-related reaction 
to pertuzumab (0.5 mg/kg) during the fifth infusion. 



The reaction was defined as grade 1 fever and chills ex- 
perienced during the infusion, and was not associated 
with dyspnea or other respiratory problems. The patient 
discontinued pertuzumab treatment after this cycle be- 
cause of symptomatic progression of underlying tumor. 
No other infusion-related problems were reported. 

There were no clear relationships between any specific 
toxicity and dose level, and no detectable differences in the 
incidence or severity of adverse events between the first cy- 
cle and subsequent cycles. 

No antibodies to pertuzumab were detected. 

Serum Pharmacokinetics 

Mean pertuzumab concentration versus time curves 

during cycles 1 and 2 for each dose level are shown in 
Figure 1. At pertuzumab doses of 5.0 to 15.0 mg/kg, mean 



E 100 



2 10- 



^ 1 
Q. 



0.1' 



1 ; 













0,5 mg/kg 



21 

Time (days) 



42 



Fig 1. Pertuzumab concentration versus tinne curves during first two cycles 
of treatment. 
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serum concentrations were maintained above 20 /xg/mL for 
the first two treatment cycles. Pertuzumab cleared faster at 
the 0.5 mg/kg dose compared with the 2.0 to 15.0 mg/kg 
doses where serum concentrations declined rapidly over 
the first 2 to 3 days and then more slowly thereafter. 

Pertuzumab pharmacokinetic parameters estimated 
by compartmental modeling are shown in Table 3. At 
doses of 2,0 to 15.0 mg/kg, systemic clearance, volume 
of distribution of the central compartment, volume of dis- 
tribution at steady-state, and the eliminadon half-life did 
not change with dose. At these doses, the mean systemic 
clearance ranged from 2.69 to 3.74 mL/d/kg (grand 
mean, 3.42 ± 1.20 mL/d/kg), the volume of distribution 
of the central compartment approximated the serum vol- 
ume, with means ranging from 35.5 to 42.8 mL/kg (grand 
mean, 40.6 ± 6,6 mL/kg), and the mean volume of distri- 
bution at steady-state ranged from 69.5 to 85.3 mL/kg 
(grand mean, 80.0 ± 28.2 mL/kg). Consistent with the 
faster clearance at the 0.5 mg/kg dose, a shorter mean elim- 
ination half-life of 2.6 ± 0.9 days was observed compared 
with the 2.0 to 15.0 mg/kg doses that had longer elimina- 
tion half-lives with means ranging from 14,9 to 22.3 days 
(grand mean, 18.9 ± 8.0 days). 

Antitumor Activity 

Twenty of the 21 patients treated in the study had 
measurable disease by RECIST at entry to the study and 
had tumor response assessed. Partial responses (PRs) were 
obtained in two patients: one patient with ovarian cancer 
and one with islet cell carcinoma of the pancreas (Table 4). 

The patient with ovarian adenocarcinoma had intra- 
abdominal disease that, at the time of study entry, was 
progressing within 6 months of previous platinum-based 
chemotherapy (platinum-resistant disease). CA-125 was 
normal at the time of study entry. This patient achieved 
a PR after 6 weeks of treatment with pertuzumab at 
5.0 mg/kg (Fig 2). The response lasted for 11 months 
and the patient remained on therapy for 13 months before 
being withdrawn due to intercurrent illness unrelated to 



malignancy. Duration of progression -free survival was 
therefore not captured. 

The patient with pancreatic islet cell cancer had tumor 
progression 55 days after completion of doxorubicin, fluo- 
rouracil, and streptozocin. He received 22 cycles of treat- 
ment with pertuzumab (15.0 mg/kg). PR was confirmed 
after 6 months of pertuzumab therapy, in association 
with improvement in symptoms and normalization of 
liver dysfunction (Fig 3) and duration of stable disease 
was 15.3 months. 

Neither tumor from the two patients with PRs were 
found to overexpress HER-2. Amphfication of the HER~2 
gene was not observed with fluorescence in situ hybrid- 
ization in the responding patient with ovarian cancer, 
and HER-2 overexpression was not detected by immu- 
nohistochemistry in the responding patient with islet 
cell carcinoma. 

One additional patient with prostate cancer had tu- 
mor regression but this could not be confirmed as a re- 
sponse at ^ 4 weeks because the patient was withdrawn 
from the study shortly after initial documentation of tu- 
mor shrinkage due to toxicity, specifically a myocardial in- 
farction. This patient had androgen-independent disease 
that was progressing despite initial treatment with doce- 
taxel followed by five cycles of doxorubicin. Regression 
in the size of hepatic lesions and periaortic lymph nodes 
was observed 6 weeks after initiation of treatment with 
pertuzumab (15.0 mg/kg), with > 30% reduction after 
3 months. PSA doubling time was approximately 2 
months at study entry and stabilized upon treatment 
(366 at study entry, 384 after two cycles). 

Stable disease of greater than 2.5 months duration 
(range, 2.6 to 5.5 months) was observed in six patients 
(29%). In these patients, the durations of stable disease 
were 2.6, 2.7, and 5.5 months in three patients with prostate 
cancer (treated with 0.5, 10.0, and 10.0 mg/kg pertuzumab, 
respectively), 4.1 months in a patient with lung cancer (2 
mg/kg), 2.8 months in a patient with colorectal cancer (5 
mg/kg), and 4.0 months in a patient with ovarian cancer 



Table 3. Pertuzumab Pharmacokinetic Parameter Estimates Following Intravenous Infusion 



Dose Group (mg/kg) 


CL (mUd/kg) 


Vc (mUkg) 






(mL/kg) 


Uf2 


terminal (days) 


Mean 


SD 


Mean 


SD 


Mean 


SD 


Mean 


SD 


0.5 (n - 3) 


13.1 


5.5 


43.6 


4.6 


NA 


NA 


2.6 


0.9 


2.0 (n = 3} 


3.74 


1.28 


35.5 


3.5 


69.5 


13.7 


14.9 


1.1 


5.0 (n = 3)t 


3.14 


0.43 


42.1 


4.8 


82,2 


30.5 


20.6 


9.6 


10.0 (n 3) 


2.69 


0.92 


38.4 


5.3 


73.4 


13,6 


22.3 


9.7 


15.0 (n = 8) 


3 68 


1.47 


42.8 


7.9 


85.3 


36.7 


18.6 


8.8 


Grand mean {n = 1 7]t 


3.42 


1.20 


40.6 


6.6 


80.0 


28.2 


18.9 


8.0 



Abbreviation; CU systemic clearance; Vc, volume of central compartment; Vss, steady-state volume of distribution; X^/2 terminal, elimination half-life; NA, 

not applicable. 

•Available oniy for dose groups in v\/hich a tvyo-compartment model was used. 
tOne subject not analyzed due to incomplete pharmacokinetic sampling. 
tGrand mean does not include the 0.5 mg/kg dose group. 
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Table 4. Characteristics of Patients Achieving Tumor Regression With Pertuzumab 



Primary 
Diagnosis 


Age 
(years) 


No. of Previous 
Systemic 
Therapies 


Previous 
Systemic 
Therapies 


Dose of 
Pertuzumab 
(mg/kg) 


Response to 
Pertuzumab 


Duration of 
Response 
(months) 


Time to 
Response 
(months) 


Time on 
Therapy 
(months) 


Pancreatic islet 


57 


1 


Doxorubicin 


15 


Partial 


10 


6 


16 


cell carcinoma 


















Prostate cancer 


65 


9 


Docetaxei; doxorubicin; 


15 


Panial 


0.5* 


3 


3 








multiple hormonal therapies 










13 


Ovarian cancer 


42 


1 


Carboplatin, paclitaxel. 


5 


Partial 


11+t 


1.5 








gemcitabine 













* Patient was removed from study due to toxicity while stitl responding. 

t Patient withdrew from study after 13 months due to intercurrent illness unrelated to pertuzumab therapy. 



(15.0 mg/kg). CA-125 was unaltered in the patient with 
ovarian cancer. One patient with prostate cancer and an 
initial PSA of 300 ng/mL had a transient fall, and another 

patient with prostate cancer and a low initial PSA (3.0 ng/ 
niL) had a drop to 0.4 ng/niL that lasted several months. 



Pertuzumab is a humanized monoclonal antibody that in- 
hibits tumor growth and survival by a novel mechanism of 
action — inhibition of dimerization of HER-2 with other 
ligand-activated HER kinases. 

Pertuzumab was generally well tolerated. A maximum 
tolerated dose of pertuzumab was not reached at doses up 
to 15 mg/kg. Because of experience with trastuzumab,^"^ 
the potential for cardiotoxicity was closely monitored 



throughout the study, but no evidence of a clinically sig- 
nificant reduction in left ventricular function was ob- 
served, with the exception of one patient who had an 
intercurrent myocardial infarction. Continued monitoring 
for cardiac toxicity will be required in future studies. Ther- 
apies targeting EGFR have all been associated with acne- 
like rash, and orally administered receptor tyrosine kinase 
inhibitors also with diarrhea.'^^''*^ Although rash and diar- 
rhea appear to be caused by inhibition of EGFR, the pre- 
cise mechanisms for these effects are unknown. 

Pharmacokinetic results indicated that pertuzumab 
disposition in humans is similar to that expected for an 
IgGl monoclonal antibody, such as trastuzumab,'^ which 
has a serum clearance of 3 to 4 mL/d/kg and a terminal 
half-life of approximately 3 weeks. This similarity to trastu- 
zumab was expected based on allometric interspecies scahng 




Fig 2. Computed tomography scan showing partial response (5.0 mg/kg) in 45-year-old patient with ovarian cancer previously treated with gemcitabine, 
paclttaxei, and carboplatin (six cycles with disease progression), (A) Before pertuzumab (January 2002): 7.17 cm measurement of longest diameter, three lesions 
involved, multiple nontarget lesions; (B) after pertuzumab (Apnl 2003): 3.17 cm longest diameter, two lesions resolved, one unchanged, nontarget lesions 
resolved. 
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Cycles on Therapy: 
GGTP(nml<57 U/L): 



Weeks on Therapy 

Pre C2 C4 C6 C8 CIO 012 C14 016 C18 C20 024 026 
3.712 189 75 38 47 



Fig 3. Kinetics of response to pertu- 
zumab (15.0 mg/kg) in a 59-year-old 
patient with pancreatic islet cell carci- 
nonna previously treated with fluoro- 
uracil, streptozocin, and doxorubicin 
{two cycles with disease progression). 
BSLD, baseline sum of longest diam- 
eters; GGTP. gamma glutaryl trans- 
ferase; nml, normal range. 



to humans and similarities in target antigen, IgGl frame- 
work, and binding affinity. Pertuzumab also shares similar 
pharmacokinetics to bevacizumab"^^ for the same reasons. 
The mean terminal half-life for the 2.0 to 15.0 mg/kg dose 
groups in this study ranged from 14.9 to 22.3 days. A termi- 
nal half-life of 2 to 4 weeks supports dosing pertuzumab at 
3 -weekly intervals in human clinical studies and, using this 
administration schedule, steady-state concentrations would 
be attained in approximately 90 days. In this study, pertu- 
zumab infusions given every 3 weeks at doses greater than 
5.0 mg/kg ensured that serum concentrations remained in 
excess of 20 ^tg/mL. Dose-response studies of pertuzumab 
in nonclinical models showed that > 80% suppression of 
tumor growth is achieved at steady-state trough concentra- 
tions of approximately 5 to 25 jjig/mL.^'^ A dosing regimen 
for pertuzumab in phase II studies was, therefore, recom- 
mended on the basis of these dose-response data in nonclin- 
ical models and the trough concentrations and time to 
achieve steady-state concentrations after administration 
of pertuzumab to subjects in this phase I study. The recom- 
mended regimen consists of a fixed dose of 420 mg (equiv- 
alent to doses of 6 mg/kg for a 70 kg patient) every 3 weeks. 
A loading dose of 840 mg ( 12 mg/kg equivalent) will be ad- 
ministered to achieve steady-state concentrations rapidly. 
This regimen is expected to result in the rapid attainment 
of steady-state serum concentrations shown to be effica- 
cious in animal tumor models and predicted to achieve a 
biologic effect in subjects. 

The clinical activity observed in this study in two pa- 
tients with advanced malignancy, both of whom were 
shown to have tumors that did not overexpress HER-2, 



corroborates preclinical studies and suggests that inhibi- 
tion of HER dimerization may be a novel clinical approach 
to cancer treatment. Both responses were of meaningful 
duration and were observed in a diverse range of tumor 
types. All of the patients with tumor regressions had failed 
previous chemotherapy regimens. 

Based on the preclinical data, we propose that the ob- 
served clinical activity of pertuzumab results from HER di- 
merization inhibition. However, the effect of pertuzumab 
on HER dimerization was not directly measured in this 
study; therefore, evidence of tumor regression and disease 
stabilization can be regarded as only supportive of the pu- 
tative mechanism of action. In order to provide a molecu- 
lar basis for understanding the mechanism of action of 
pertuzumab, a recent study determined the x-ray crystal 
structure of the soluble extracellular domain of HER-2 
in a complex with the antigen -binding fragment of pertu- 
zumab.^^ The study showed that pertuzumab binds within 
a cysteine-rich region of the extracellular domain of 
HER-2, domain II, a region of the HER receptor family 
that is highly conserved and previously shown to be necessary 
for HER-1 homodimerization. 

Although antibody-dependent cellular cytotoxicity 
cannot be excluded as contributing to the clinical activity 
observed in this study, pertuzumab does not require 
antibody- dependent cellular cytotoxicity for efficacy be- 
cause an intact Fc region is not required for activity. "^^'^^ 
In addition, pertuzumab does not share the inhibitory 
effect of trastuzumab on HER-2 cleavage.^'' 

Interestingly, the presence of HER-2-containing 
heterodimers appears to predict responsiveness to 



www.jco.org 



2S41 



Downloaded from jco.ascopubs.org on September 17, 2008 . For personal use only. No other uses without permission. 
Copyright © 2005 by the American Society of Clinical Oncology. Ail rights reserved. 



Agus et al 



pertuzumab in vivo in non-small -ceil lung cancer and 
breast cancer models.^^ In these models, HER-2/HER-3 
heterodimers were detected in 100% of xenografts whose 
growth in nude mice was inhibited by pertuzumab com- 
pared with 17% that were not sensitive to pertuzumab. 
EGFR (HER-1), HER-2, and HER-3 protein expression 
levels were not predictive of responsiveness to pertuzumab 
and the phosphorylation level of HER-2 or either of its di- 
merization partners, which would indicate an activated 
state of these receptors, was found to be a less reliable 
marker for response prediction than the presence of het- 
erodimers. Detection of heterodimers or activation of 
HER- 2 may therefore be a possible approach to select pa- 
tients for HER dimerization inhibitor therapy, and clinical 
studies are ongoing to address this question. 

In conclusion, these preliminary data suggest that in- 
hibition of HER dimerization may be a novel, potentially 
effective anticancer strategy. Furthermore, this study sug- 
gests that pertuzumab may have wider application than 
trastuzumab and may inhibit the groAvth of a number of 
tumor types. Additional studies are required to character- 
ize the safety profile and optimal dosing regimen for per- 
tuzumab, both as a single agent or combined with other 
anticancer strategies. Phase II studies are ongoing in pa- 
tients with ovarian, prostate, non-small-cell lung cancer, 



and breast cancer. In addition, molecular characterization 
of patients' tumors should assist in identif)dng cancer pa- 
tients who may respond to pertuzumab therapy. 
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